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J. Physique 45 (1984) We have previously reported [1, 2] investigations of the response of a resistively-ballasted discharge XeCl* laser to a relatively long (500 ns) excitation pulse applied at very low pulse repetition frequency (1 
pps).
Except for e-beam pumped devices, the laser pulse obtained under those conditions has the longest duration (270 ns FWHM, 20 kW peak power) yet reported for any XeCl* laser. The striking feature of these results was that, although the power input to the discharge volume was fairly constant (750 kW/ cm') for a full 500 ns, the intensity of spontaneous emission showed a dramatic premature fall approximately 150 ns before the end of the discharge excitation pulse. The laser output showed similar premature termination. Other rare gas halide (RGH) lasers (as KrF*, ArF*, etc.) suffer from very similar limitations.
More generally, the laser output premature termination shows to be a problem in different kinds of electrically excited RGH laser devices. For example, Tailor [3] has recently performed a framing camera (+) Please, contact Riccardo Bruzzese for reprints requirements. study of the temporal evolution of discharge uniformity in an X-ray preionized XeCl* laser with a reasonably long (150 ns) discharge excitation pulse.
He has found that termination of laser output from his device is closely associated with the appearance of many filamentary channels in the discharge. Other authors [4, 5] [1] and [2] ).
At this point, we would like to stress that many results obtained analysing the behaviour of our specific laser device, are more generally applicable to the problem of discharge stability in high pressure, strongly electron-attaching gas mixtures [6] [7] [8] [9] .
A full description of the laser device used throughout the experiments can be found in reference [1] . We Fig. 5 ).
2) (Fig. 6 ).
3) The time-resolved population of the 6s 'P5/2 XeII level through absorption by the 6s 4P5/2 -+ 6p 4 D7/2 (484.433 nm) transition in a normal laser gas mixture (Fig. 7) . In order to calculate the above populations we used the following expression (see Ref. [10] , for example) : where Ni is the population in the energy level i from which absorption takes place, c is the speed of light.
A the wavelength, A ji the spontaneous transition probability (from j to i level, ji) and gi and gj the statistical weights (degeneracy) of the levels. In equation (1) [11] . The transition probability quoted for the XeII transition is merely the inverse of the upper level (6p 4D07/2) lifetime measured in reference [12] . Since its use contains the assumption that radiative decay occurs only to the 6s P5/2 level, this value will represent an upper limit on Aji, and, therefore, a lower limit on the calculated number density of the 6s 4 P5/2 level. It must be stressed that the number densities in figures 5-7, were calculated on the basis of a constant 38 cm absorption path length. Moreover, the error bars only provide an indication of the uncertainty in the measurement of f K À dA from the absorption spectra, they do not include uncertainties in transition probabilities (Aji).
As can be easily seen in figures 5-7, which where I is the discharge current, e the electronic charge, A the cross-sectional area through which current flows, and vd the electron drift velocity.
In the case of a normal gas mixture (2-3 mbar HCl), the change in the discharge voltage and current over the entire 500 ns is small 5 % at most In particular the voltage shows a slight drop in the last 200 ns, while the current shows a corresponding slight increase. An increase in electron density at constant gas density can, therefore, only be accounted for by a reduction in the cross-sectional area for current flow A, i.e., discharge constriction.
The drop in the XeI excited state density is consistent with this conclusion. As was shown in the previous section the XeI excited state population is saturated with respect to the electron density ; thus, its number density will be a function of the electron temperature alone. The electron temperature would be expected to fall with the observed drop in discharge voltage and a consequent fall in the population would therefore be expected However it must be noticed that the principal cause of the drop in number density indicated in figures 5 and 6 is the assumption of constant absorption path length. In fact, due to discharge constriction, the absorption path length is time-dependent, and this dependence is not included in the calculation. Obviously, the same consideration holds true for the XeII excited state population.
In conclusion, our experimental studies of emission and absorption in a long duration XeCl* laser discharge show a number of interesting features which can be related to our previous findings on discharge constriction (Ref [1] and [2] ). In particular, there is no XeII emission in absence of HCI and, as the partial pressure of HCI is increased, the time of onset of XeII emission moves steadily closer to the time of discharge initiation. Reduction in the XeCl* and XeI emission and voltage, and the increase in total discharge current, all occur at the same time that XeII emission is seen to increase. Furthermore, the time of onset of XeII emission is indicative of the onset of temporal volume constriction.
